Laser-generated surface wave is employed as a standard acoustic emission (AE) source to calibrate sensors. By choosing an appropriate laser-intensity, a nearly unipolar pulse with 100 ns duration was successfully realized. The surface excitation is measured by an optical interferometer and AE sensors simultaneously.
INTRODUCTION
Acoustic emission (AE) has been widely used to detect flaws in structural members and also to material testing. The required frequency ranges from several tens kHz to over 1 MHz. In one of the current studies fast phenomena e.g. generation and propagation of microcrack are monitored. ' In these all applications quantitative information is obtained through calibration of AE sensors. Various methods, such as breaking of glass capillary2) or pencil-lead,3) reciprocity method4) and so on, have been employed to calibrate sensors. Recently Hutchins et al. 5 ) investigated waveforms generated by laser irradiation and showed that pulsed laser can produce different types of standard acoustic sources, which include a normal monopole force generating a longitudinal wave. The obtained longitudinal pulse offers an advantage of short duration without any trailing edges and hence is suited as a broadband source. In an earlier paper6) we reported a new longitudinal calibration method in the wide range using a laser-generated ultrasound. On the other hand AE sensors are used to detect surface waves as well as longitudinal ones.
Consequently the knowledge of the sensitivity to surface wave is also indispensable. In the present paper the laser-generated ultrasound is further extended to surface-wave calibration.
Broad-band surface waves can be produced without causing any damage to a transfer block.
Calibrated results on eight AE sensors are also demonstrated.
Finally we compare the surfacewave sensitivity with the longitudinal one.
2. EXPERIMENTAL Figure 1 shows a schematic drawing of the ap- The intensity increases from a to c. the normal monopole force is dominant. Though the pulse shape is again bipolar, polarity of the pulse is reversed. Therefore at intermediate regime broad band pulse can be realized by adjusting a light intensity.8) The wider line results in broadening of the generated pulse, because the pulse width is mainly determined by the passage time of ultrasound across the source width.
We have chosen the line source line 10 mm long and 0.1 mm wide and set the intensity as 4 mJ, which corresponds to the intensity between a and b in Fig. 2 and remains in the thermoelastic regime. The waveform obtained under these conditions is used as a standard acoustic source, as presented in Fig. 3 . The pulse shows the displacement 0.46 nm (peak-to-peak value) with 105 ns duration. In addition the realized pulse is virtually plane-wave and shows no apparent directivity. The displacement and duration vary only within 2 % on a shot-to-shot basis.
Following the direct Rayleigh wave, the reflected one on the lateral side of the block is observed the displacement being that which would occur in the absence of the sensor. This free-field sensitivity is also employed at the reciprocity method.° Generally the sensitivity decreases with frequency. Since the sensor surface experiences many periods of wave simultaneously with frequency increasing, cancellation occurs within the sensor, which leads to decrease of sensitivity. Sharp dips observed in the sensors B and G may arise from the resonant cancellation where the diameter corresponds to multiples of the wavelength. For the resonant-type sensors the sensitivity shows a peak around its resonant frequency.
There are three sources of errors which affect accuracy of calibration. Firstly uncertainty of the displacement measurement by the interferometer is estimated as 10 %. Next factor is variability of laser intensity, which can be ignored. Because recorded data are obtained through averaging of each shot. Lastly repeatability in the mounting of sensors shall be considered. When a sensor is repeatedly calibrated with remounting in between, errors due to repeatability did not exceed 10%. Summing up these sources, total uncertainty is evaluated below 20 %. At this stage it is interesting to compare these results with longitudinal calibration. Figure 7 shows the longitudinal sensitivity of the sensor B. The longitudinal sensitivity is one order higher than that the surface-wave one. 
